Background. Our goal is to conduct a multicenter randomized controlled trial (RCT) to investigate whether exercise can reduce incident fractures compared with no intervention among women aged Ն65 years with a vertebral fracture.
O steoporotic fractures create a substantial human and economic burden. 1 Vertebral fractures are a common consequence of osteoporosis that can cause pain and are associated with increased mortality. 2 One woman in 5 who have a vertebral fracture will have another fracture within a year; risk of death is 2.7 times higher than in those without fracture. 3, 4 Osteoporosis management guidelines recommend exercise for those at high risk, such as those with vertebral fractures. [5] [6] [7] However, no randomized controlled trials (RCTs) of exercise have had fractures as a primary endpoint. Much of the evidence to date regarding the effects of exercise on fracture risk has been indirect in that it examined surrogate outcomes (eg, falls, bone mineral density [BMD] ) and was conducted in lowerrisk populations (eg, women who are postmenopausal with no history of fracture). 8 Meta-analyses have demonstrated a small benefit of exercise for BMD, but trial heterogeneity may alter the conclusions. 9 -14 For example, estimates of effect change when analyses are performed by exercise type. 14 Bone mineral density is an inadequate surrogate for fracture risk. 15, 16 Exercises that challenge balance may prevent falls, [17] [18] [19] [20] but generalizability to people with vertebral fractures is unclear. Excessive kyphosis, pain, and altered trunk muscle control can affect adherence to and efficacy of exercise and contribute to falls or fracture risk. 21, 22 Alterations in posture and spine loading can increase the risk of vertebral fracture without a fall. 22, 23 Metaanalyses and position papers have called for large RCTs to evaluate whether exercise can prevent fractures. 13, 24 Research on the efficacy and safety of exercise for people with osteoporotic fractures is scarce. Exercise, especially if unsupervised, might increase fracture risk. Fractures and injuries attributable to exercise in patients with hip and vertebral fractures have been reported. [25] [26] [27] [28] In some observational studies, physical activity was associated with increased fracture incidence. 29, 30 Adverse events are more frequently reported in exercise trials of individuals with health conditions and functional limitations. 31 In a Cochrane review by Giangregorio et al, 32 only 7 trials evaluated the efficacy of exercise after vertebral fracture; many trials were subject to bias and were underpowered, and few trials had long-term follow-up. There are limited data from which to develop exercise recommendations for people with vertebral fractures, and an RCT is needed to determine whether exercise does more good than harm. Physical therapists who provide exercise prescription for individuals with vertebral fractures need evidence or guidelines based on trials that test interventions that are realistic to deliver in practice and provide evidence on the risks and benefits to inform their clinical practice.
A large study sample size is needed to detect benefit or harm of exercise for fracture prevention. 13 To enhance the probability of detecting an effect, individuals at high risk for fracture should be studied. The presence of vertebral fracture is associated with an increased risk of hip fracture after 5 years (hazard ratioϭ2.10, 95% confidence interval [95% CI]ϭ1.58 -2.78) and 10 years (hazard ratioϭ1.41, 95% CIϭ1.15-1.73) of follow-up. 33 Trials of osteoporosis medication often study women with vertebral fractures. 5 Furthermore, it is in individuals at high risk for fracture that the question of whether exercise does more good than harm is most relevant. We designed a multicenter trial to test the hypothesis that home exercise, 3 times a week for 1 year, can reduce incident fractures among individuals aged Ն65 years with a history of ver-tebral fracture compared with no exercise intervention. We will conduct a pilot feasibility, parallel-group RCT with 1:1 allocation ratio to determine:
1. Study recruitment rates: The study will be considered feasible if we recruit 20 participants per site. Twenty participants per site per year translates to 2,400 participants with 40 sites in 3 years.
2. Study retention rates: The study will be considered feasible if Ն75% of the sample complete visit 2. A study of exercise after vertebral fracture demonstrated that 81% and 77% of the participants returned at 6 and 12 months, respectively. 28
3. Adherence to the exercise intervention: The intervention will be considered feasible if participants complete Ն60% of the prescribed number of exercises at 12-month follow-up. It is not uncommon for exercise interventions to have average adherence rates of approximately 60% or lower but report positive outcomes. 26 Secondary outcomes include physical function, forward head posture, falls, fractures, the intervention cost, adverse events, quality of life, pain, and health resource use. 
Method

Trial Design
A pilot single-blinded, multicenter RCT comparing thrice-weekly exercise with health discussion control is proposed (ClinicalTrials.gov identifier: NCT01761084), with a 1:1 allocation ratio. The web-based randomization scheme will be generated and managed by Empower Health Research Inc and stratified by center, using a random numbers generator, in permuted block sizes of 2 and 4. After the baseline assessment, an unblinded physical therapist will enter participant ID and center into the web-based system to determine group allocation and will make contact with the participant. Allocation will be concealed from all but the physical therapist and the primary investigator (L.M.G.).
Participants
Individuals will be eligible for inclusion if they are female, Ն65 years of age, and have radiographic evidence of a nontraumatic fracture of Ն1 vertebrae between T4 and L4. Vertebral fractures will be defined as radiographic presence of Ն25% reduction in anterior, middle, or posterior height of a vertebra, assessed centrally from lateral thoracic and lumbar spine X-rays using the Genant visual semiquantitative method. 34 If fracture history is uncertain, the presence of hyperkyphosis and documented height loss of Ն2 cm or historical height loss of Ն6 cm will be criteria for sending for X-ray verification. 35, 36 Exclusion criteria include: index vertebral fracture due to trauma; not able to communicate in English; on dialysis; receiving palliative care; current or prior cancer (except basal cell carcinoma); clinically significant kidney, liver, or intestinal disease; exercise participation Ն3 times per week that addresses Ն2 of 5 domains in the Build Better Bones With Exercise (B3E) exercise prescription; progressive neurological disorder or progressive disorder likely to prevent study completion; unable to stand or walk 10 m with or without a gait aid; impaired capacity to give informed consent (positive Mini-Cog 37 score and cannot recall what they are being asked to do during the consent process); or contraindication to exercise as determined by a physician. No more than 1 person from each retirement home can be included. We will not exclude individuals with a history of vertebroplasty, kyphoplasty, glucocorticoid use, or use of a pharmaceutical drug approved for osteoporosis treatment in the participant's country or those who are enrolled in research studies that do not include exercise or behavioral counseling interventions. We hypothesize that the direction of response, but not the magnitude, will be the same. 38 We will not stratify participants based on these factors for the pilot study due to the potential for strata with low numbers, but we will perform poststratification analyses to determine the strata and exclusion criteria for the larger trial. 39
Intervention
Intervention, comparator, care providers, and standardization are outlined elsewhere. 40 The B3E intervention includes the B3E Exercise Prescription and the Motivation to
Build Better Bones With Exercise (B3E)
Move Program, a behavioral counseling guide designed by the study team to enhance adherence (Tab. 1) and informed by motivational interviewing, 41,42 and the health action process approach. 43 Elicit-provide-elicit strategies, agenda setting, reflective listening, summarizing, and affirmations are used. Participants will answer Likert-style questions about the importance of and confidence in making a change and about exercise self-efficacy. Developing implementation intentions, or "action plans," and contingency plans, or "coping plans," will be used to enhance adherence to exercise. 44, 45 Selfmonitoring will be implemented via a daily diary that asks:
• if they performed aerobic exercise (yes/no); if yes, how many minutes of exercise, and rating of perceived exertion, 46 and • if they performed balance, posture, or strengthening exercises; if yes, how many that day.
Adherence calendars will be reviewed monthly; poor adherence (ie, Ͻ3 times/week) will prompt a telephone call or visit from the ther-apist to provide counsel or modification.
The B3E exercise prescription (Tab. 2) is informed by Bone Fit, a workshop and manual developed by an expert panel in collaboration with Osteoporosis Canada 47 to train physical therapists and kinesiologists about exercise for individuals with osteoporosis. In addition to muscle strengthening, aerobic training, and balance training, the B3E exercise prescription includes exercises to address hyperkyphosis, a source of pain, and increased fall risk that may Coping plan b Develop a coping plan using a worksheet that will address perceived barriers to exercise program implementation (eg, "Things that interfere are . . . ," "I can change my plan by . . . ," "Person that can help me is . . . ").
Self-monitoring
Demonstrate self-monitoring materials as tools to help keep track of progress and reach goals (gain-framed). Daily calendar used to keep track of: minutes of aerobic exercise and rating of perceived exertion; number of balance, posture, or strengthening exercises performed. a The Motivation to Move Program may not be used or reproduced without written permission from the authors. b Although a formal framework or sequence of events that enforces planning and a time line for intervention is not consistent with the tenets of motivational interviewing, participants in the study have agreed to participate under the assumption that they will receive an exercise program-they have agreed to make a change, and we have promised that we will provide them with a plan. Therefore, we have used the motivational interviewing approach to inform the strategies that we use to guide behavior change, but we are not delivering a traditional motivational interviewing intervention. We chose to standardize the strategies and provide a structure to the approach to be consistent with the CONSORT guidelines for reporting and to ensure some standardization in the intervention and documentation across sites, given the number of care providers. Step-ups 1
Step up with one foot, then the other foot, step back down 2
Step up with one foot, step back down, do 10 repetitions, switch legs be amenable to exercise. 48, 49 Exercise goals also are informed by metaanalyses of exercise for reducing falls 19, 20 or improving BMD 14,50 and a Cochrane review of exercise in indi-viduals with vertebral fracture. 32 Intervention and control activities will be delivered by certified physical therapists; we will attempt to have participants work with the same therapist throughout the study. At sites that have more than 1 therapist, allocation of therapists will be determined by proximity to participant, modifying factors (eg, thera- pists' pet allergies), and caseload. Many of the physical therapists have completed the Bone Fit training workshop, and for those who are unable to do so, a 1-hour telephone training session and the Bone Fit manual and training videos are provided. Physical therapists will receive materials and an 80-minute telephone training session on Motivation to Move. All participants will receive vitamin D and be instructed to take 1,000 IU daily. Individuals prescribed a higher daily dose by a physician will continue taking that dosage.
Setting and supervision.
A home-based intervention with intermittent supervision was chosen so participants could integrate exercise into daily activities. 28,51,52 A physical therapist visits the participant at home, engages the participant in discussion about behavior change, and provides diagrams of exercises with instructions. The physical therapist tailors the goals and exercises to the patient and develops written action and coping plans (Tab. 1). Biweekly telephone calls and 3 follow-up home visits by the physical therapist will occur in the first 2 months to ensure safety and progression; modifications will be tailored to individual needs (eg, adverse events, participant request, improving or worsening condition). After 2 months, telephone calls will occur monthly, and additional visits will occur at 6 and 8 months. The number and timing of home visits were informed by the Otago Exercise Program, originally delivered by a physical therapist via home visits to individuals approximately 80 years of age or older with impaired balance and strength. [52] [53] [54] [55] [56] Goals and exercise modes. The exercise program has 5 main goal domains to target concerns (eg, low bone mass, thoracic hyperkyphosis, impaired balance) specific to individ-uals with fractures: (1) aerobic exercise including weight bearing, (2) lower extremity muscle strengthening, (3) balance training, (4) optimal postural alignment, and (5) strengthening muscles of trunk and upper extremities.
Frequency and duration. Participants are given at least one exercise from each domain. Participants are encouraged to perform balance, aerobic and posture training daily, and strengthening 3 times weekly. Aerobic training is prescribed for 10 to 30 minutes daily; duration is progressively increased. The strength training dose is consistent with those in previous studies. 26, 28, [57] [58] [59] Intensity. Participants will be asked to perform aerobic exercise at an intensity of 5 to 8 on the Borg Rating of Perceived Exertion Scale. For lower and upper extremity strengthening and posture training, participants will use body weight, the floor or wall, or a lightweight TheraBand exercise band (The Hygenic Corp, Akron, Ohio) as resistance. For strengthening, the maximum resistance with which 10 repetitions can be completed with good form (10-RM) will be determined for each exercise. Participants will begin with 2 sets of 8 to 10 repetitions at 10-RM resistance for each exercise or with assigned difficulty level if not using resistance. 60 For posture exercises, participants will hold each position for 3 seconds and repeat 3 times. For balance training, the difficulty will be individually tailored. Methods for progression include increasing repetitions (up to 12), frequency, duration, or difficulty; training volume will not increase more than 2.5% to 5% per week. 60
Time. The intervention group will be asked to continue the exercise prescription for 1 year.
Comparator. The control group was designed so that the participants will receive equal attention but will not receive any exercise advice or behavioral counseling. Control participants will receive the same number and duration of visits and calls, focused on health or social discussion. A guide facilitates consistent follow-up calls. Written materials on health-related topics will be used for discussion. Topics include, but are not limited to: osteoporosis diagnosis, osteoporosis treatment, safe gardening tips, and nutrition. The intervention group also will receive the materials.
Data Collection and Management
Standard operating procedures, information and consent form (eAppendix 1, available at ptjournal.apta. org), scripts, data forms, and checklists for visits and follow-up calls are in the B3E Study Manual, version date May 20, 2014. The study schedule and the hypotheses and analyses are shown in Tables 3 and 4, respectively. A research assistant/ coordinator will manage the trial at each site, obtain consent, and perform assessments. Assessors and data analysts will be blind to group allocation. An alternate assistant will collect outcomes that may cause unblinding (eg, exercise participation on diaries, physical activity level). Unblinding will be permitted only as required by regulatory authorities. Research staff will receive Ն120 minutes of telephone training and videos of physical assessments. They are asked to pilot test assessments on Ն2 people. On-site training is provided to Ontario and British Columbia sites. Participants can opt out of assessments (except X-rays) or complete questionnaires by telephone. An online protected data management system has been developed and will be managed by Empower Health Research Inc; centers can input data, and the central site can monitor it. Physical therapists access a separate area of the data management system for reporting so research assistants remain blind to group allocation. Quality assurance of intervention implementation will be performed for each therapist after Ն2 participants have received 1 intervention visit: (1) goal-setting and planning documents are uploaded to the data management system for central site review, and (2) a team telephone meeting will be held to discuss successes and challenges in implementation.
Primary Outcome: Feasibility
Feasibility outcomes are the number of participants recruited and retained and the proportion of exercise sessions completed. We will use a calendar-style diary for all participants to record any exercise participation daily; participants will record whether they did aerobic training (yes/no), how many minutes of aerobic training, how hard it was (Borg scale rating), 46 whether they did resistance, posture, or balance training (yes/no), and how many exercises they did. The postage-paid diary will be mailed in monthly and will be used for assessing falls, osteoporosis medication adherence, and health service use. Partial sessions will be counted as a proportion (eg, 0.75 of session). Adherence is defined by the number of sessions of strength, posture, and balance exercises: 100% adherenceϭՆ3 sessions of exercise weekly or required number of exercises completed by weeks' end. Canadian participants will have postage-paid envelopes mailed directly to central site, and Australian diaries will be faxed, emailed, or entered locally by a separate research assistant. Activity will be monitored for potential contamination or cointerventions. 61 Time spent in 4 categories of activity (sedentary, low-light, high-light, and moderate-vigorous physical activity) will be measured with an accelerometer (ActiGraph GT3x, ActiGraph, Pensacola, Florida) at 2 study sites over 1 week at baseline and 12 months.
Secondary Outcomes
A consensus report on clinical trials for preventing functional decline and disability in frail older adults suggests that secondary outcomes: (1) include functional outcomes due to their impact on health service use and quality of life, (2) inform the causal pathway from the intervention target to risk of disability, and (3) include effects on well-being. 62 Secondary analyses will not influence the decision to move to a larger trial. Secondary outcomes will be assessed at baseline and 12 months, with some outcomes also assessed at 6 months and others assessed monthly (Tab. 3).
Fractures. Incident fracture will be a composite outcome of any fragility fracture (ie, nontraumatic vertebral, hip, or other nonvertebral fracture, excluding skull, ankle, or fingers). Protocols for verifying fractures will be modeled after those used in the Canadian Multicentre Osteoporosis Study. 3 Questionnaires will be used to ascertain fracture cause and timing. Written consent will be obtained for health record data abstraction to verify fracture occurrence, location, and severity. Lateral thoracic and lumbar spine X-rays will be performed at baseline and follow-up. Participants with fractures will maintain randomization Staff refers to a research coordinator or research assistant. One main assistant or coordinator will be appointed at each site to perform outcome assessments and will be blinded to group allocation. c An additional research coordinator or research assistant will be appointed for tasks that require someone who is not blind to group allocation. d The Timed Loaded Standing Test and accelerometer assessment will be performed at Toronto and Waterloo sites only. e The current health status assessment at 6 and 12 months will include inquiries about medical problems, illnesses or injuries, current assistive device use, and living arrangements. and can continue exercise with physician approval and modification as necessary. Two blinded investigators will assess fractures independently to confirm whether they are fragility fractures. We will determine whether the degree of agreement differs between exercise group and control group participants. 61 Discordance will be resolved by a third reviewer.
Falls. The Prevention of Falls Network Europe and Outcomes Consensus Group recommends a monthly falls calendar to assess falls. 63 A fall will be defined as "an unexpected event in which the participant comes to rest on the ground, floor, or other lower level." 64(p198) Monthly fall calendars have been shown to be superior to recall methods in some studies. 65, 66 Participants will be asked to report falls in the postagepaid calendar diaries daily and return calendars monthly.
Posture and physical performance. Standing height and occiput-to-wall distance will be used as measures of posture. The Five-Times-Sit-to-Stand Test will represent functional leg muscle strength. 67, 68 We will measure timed static stance in feet together, semitandem and tandem with eyes open, and gait speed in a 4-m walk test to determine a score on the Short Physical Performance Battery. 69 Quality of life, pain, and health service use. The disease-specific mini-Osteoporosis Quality of Life Questionnaire will be used to mea-sure health-related quality of life and pain. 28,73 A visual analog scale will be used to measure pain with activities and at rest. An economic evaluation will be performed from the health system and societal perspectives. Direct medical resources, direct nonmedical resources, and indirect resources will be collected. Resource use (ie, health care visits, diagnostic tests) will be collected daily via diary. Monthly, a "current health status" telephone interview will be used to inquire about hospitalizations, purchases of assistive devices or supplements, and falls, fractures, and adverse events. Questionnaires about workplace or volunteer work productivity and activities of daily living will be completed monthly. We will estimate the cost per individual of the intervention. The EQ-5D-5L is a health-related quality-of-life instrument that will be used as a measure of morbidity with the score multiplied by mortality to achieve a quality-adjusted life-year (QALY) estimate. 74 Multiplying resources collected by jurisdictional unit costs in Canadian dollars will determine the total cost per exercise program. Cost adjustments will be made by country using currency conversions. 75 The ratio of incremental costs, as determined by trial resources, between the intervention and clinical outcome (QALY) will be calculated to achieve an incremental cost per life-year gained outcome.
Behavior change variables and fall self-efficacy. Participants will be asked a number of Likert-style questions to discern self-efficacy, action and coping planning abilities, and implementation intentions. 76 Participants will answer on a 5-point scale from 1 ("not at all confident") to 5 ("completely confident"). The Short-Form Falls Efficacy Scale International (FES-I) will be used to represent fear of falling. 77, 78 Harms. Participants will be instructed to report adverse events or injuries, and will be asked about them during monthly calls. Three types of adverse events will represent secondary outcomes: (1) serious adverse events (Health Canada definition: death or event that is lifethreatening, requires hospitalization, or results in disability); (2) events linked to intervention; and (3) events leading to study withdrawal or intervention cessation. The research assistant/coordinator will confirm the event date, circumstances, and details and associated health service use and will report them to the ethics boards.
Descriptive data. Questionnaires will be used to collect demographic data and medical history (eg, medications, Mini-Cog). Physical activity will be estimated using the International Physical Activity Questionnaire at baseline and after 6 and 12 months. Calcium intake will be assessed using the Calcium Assessment Tool. 79 The following will be collected to inform future trials: screening to recruitment ratios, number of potentially eligible male participants, and timing and completion of assessments. Midpoint and exit interviews will be used to obtain feedback on the experience.
Recruitment
We plan to recruit a minimum of 20 individuals per site, with overrecruitment allowed, and a total target of 160 individuals. Women with a history of or suspected vertebral fracture who meet eligibility criteria attending specialty clinics will be informed about the study. The research assistant/coordinator will call interested individuals to enroll them. At the University of British Columbia, we can notify individuals in a database of Ͼ11,000 people willing to be contacted for research. Local family practice physicians or specialists can be notified.
Strategies to Enhance Recruitment
If, after 6 months of recruitment, we are not nearing our target, we will consider: (1) informing local radiologists of the study and asking them to note women with spine fractures and (2) advertising to patient support, community, or advocacy groups.
Strategies to Enhance Retention
The control group will receive 1 physical therapist home visit, the B3E intervention materials, and an exercise prescription at study end. Participants will receive telephone calls and holiday cards throughout the study and feedback on the results.
Sample Size Estimation
A meta-analysis of observational trials estimated that an exercise trial with hip fracture as primary endpoint would need 9,000 individuals, likely why calls for a trial have been unheeded. 13 However, the sample size for a definitive trial may be reduced by: (1) studying a high-risk group and (2) including a composite primary outcome of any fragility fracture. Feasibility will be increased by recruiting participants who are and are not on anti-osteoporosis therapy. Among women with vertebral fractures on alendronate, 8.0% and 11.9% experienced a new vertebral or a clinical nonvertebral fracture, respectively, over 2.9 years, versus 15% and 14.7%, respectively, in the placebo group. 80 If all participants were receiving therapy, we would estimate that 6% of the participants would experience a new fracture within 1 year 80 ; to observe a fracture risk reduction of 30%, the larger trial would require about 4,400 participants. However, in untreated women, we anticipate 10% would experience any fracture, resulting in a required sample size of 2,500 individuals. Some people choose not to accept therapy or are nonadherent; the required sample size may lie between the 2 estimates. The sample size for the pilot study (Nϭ160) will provide estimates of recruitment, adherence, and the number of participants with certain covariates to inform future sample size calculations and stratification variables.
Analyses
The protocol was drafted in accordance with the SPIRIT 2013 Statement 81 (eAppendix 2, available at ptjournal.apta.org). Reporting will be in accordance with CONSORT. 82 Analyses of feasibility objectives will be descriptive or based on estimates with 95% CI values. Participant characteristics and outcomes will be summarized using descriptive measures: mean (standard deviation) or median (minimum-maximum or interquartile range) for continuous variables, number (%) for categorical variables, and percentage of change. Intention-to-treat analyses will be performed. Differences in secondary outcomes will be tested using independent Student t tests (continuous variables) or chi-square tests or logistic regression (binary outcomes). Number of fallers will be compared by calculating relative risks. The fall rate per person per year in each group will be compared using negative binomial regression models (including all falls, adjusting for varying duration of follow-up, over dispersion). Multiple imputation will be used to impute missing data. 83 We will perform a sensitivity analysis, adjusting for potential residual imbalance in age or pain at baseline. The Bonferroni method will be used to adjust the level of significance for multiple testing of secondary outcomes so the overall alpha level is .05. Probability values will be reported to 3 decimal places. All analyses will be performed with SAS version 9.2 (SAS Institute Inc, Cary, North Carolina). No statistical warning rules will be applied to the pilot study.
We hypothesize that individuals with a history of multiple fractures, oral glucocorticoid use, or vertebroplasty or kyphoplasty, because of the presence of pain or comorbid conditions, or who have a positive Mini-Cog score may be less adherent to the intervention, more difficult to recruit and retain, and less responsive to the intervention compared with those without such a history, so we will perform stratified subgroup and sensitivity analyses by poststratification of participants based on these variables, study site, and years of osteoporosis therapy (none versus Ͻ1 year versus Ն1 year). Sensitivity analyses will be used to determine whether individuals with Ն80% adherence derive more benefit. A meta-analytic random effects approach will be used to aggregate estimates of effect across strata.
Trial Steering Committee
The principal investigator will be responsible for trial conduct, the B3E Study Manual, and chairing Steering Committee meetings. Lead investigators will facilitate recruitment or contribute expertise in physical therapy, design and analysis, or economic evaluation and contribute to study progress as part of the Steering Committee.
Data Safety Monitoring Committee
A Data Safety Monitoring Committee (DSMC) of 3 arms' length members will review adverse events after all participants reach 6 months of follow-up and at study end to determine whether they were due to intervention. The DSMC will have unblinded access to all data, will report to the primary investigator, and will guide how we might roll participants into the larger trial. No interim analyses are planned, and there are no stopping guidelines for the pilot trial.
Ethics and Confidentiality
The research will be conducted according to the Tri-Council Policy Statement. 84 The study has received approval from the research ethics boards at all sites. We initiated a trial run of the baseline assessments (excluding X-rays) and intervention delivery at the University of Waterloo in May 2013. Protocol amendments were made after initial ethics approval and trial run and have been approved by ethics committees. Future amendments will be submitted to ethics committees by the research assistant or principal investigator and updated in the registered protocol. A protocol deviation tracker has been created to note deviations from the protocol. Participants will be assigned an ID to be used on forms and in the data management system. De-identified data will be stored in a secured area at the study site. Hard copies of records with personal identifiers will be kept separately from the data. Data will be entered into the data management system by a research assistant/coordinator. Only the site research assistant/coordinator, the site physical therapist, and the data management service provider will be able to view both participant data and identifiers in the system. Audits of the trial dataset and protocol deviations will be performed by the principal investigator or his or her delegate. Site visits may be performed to address concerns (eg, low recruitment, frequent withdrawals), with advance notification of Ն2 weeks. Each site can view only their data. The complete dataset will reside with the central site; access to it must be approved by the Steering Committee. Trial investigators have no relevant financial or competing interests. Study results will be presented at conferences and published in academic journals. Authorship guidelines are outlined in the B3E Study Manual, version date August 15, 2013; professional writers will not be used.
Discussion and Dissemination
We propose to evaluate the feasibility of a large, multicenter trial of exercise in women with vertebral fracture. Our study is designed as a pilot trial, or "small-scale" version of a larger trial that represents a new direction for bone and exercise research-a move away from surrogate outcomes for fracture risk to studying the effects on fractures directly. A recent consensus process identified a definitive trial with fracture endpoints as a priority for the field. 85 As discussed in our section on sample size, the future trial with fracture as a primary outcome may need a very large sample size, resulting in a large cost. If our pilot study suggests that the trial may be feasible, a future definitive trial could adapt our trial protocol and engage collaborators in multiple countries to conduct a large-scale, groundbreaking multicenter RCT to determine whether exercise does more harm than good with respect to osteoporotic fractures, with fracture as a primary endpoint.
On its own, our pilot study will be one of the largest trials of exercise in women with osteoporotic vertebral fractures to date and will provide key insights on the effects of exercise on key patient-centered outcomes. We will address concerns in Canada's Strategy for Patient-Oriented Research 86 by involving patient advocates, choosing outcomes important to patients, and designing interventions that could be translated into existing health care systems. Our aim is integrated knowledge translation: members of the Canadian Osteoporosis Patient Network (COPN), physical therapists, and physicians have provided input on the study proposal. Discussions with COPN members have revealed that exercise information and services are among the top 3 things that their members want, but these are limited resources because of the lack of good-quality evidence on what is effective for older adults at high risk for fracture. Our study will inform whether a physical therapist-led exercise intervention developed based on available evidence and substantive expert consultation has an effect on a number of outcomes important for decision making (eg, quality of life, physical functioning) in an understudied patient population-women with osteoporotic vertebral fractures. In addition, we incorporated both prescriptive elements and behavior change strategies, which could be used as a template for how to combine these elements and strategies in clinical practice.
In addition to informing a future trial with fracture as a primary endpoint and evaluating the effect of exercise on quality of life and physical functioning, our trial may inform health services-related research questions. When an individual has a myocardial infarction, he or she often receives cardiac rehabilitation that is, in some jurisdictions, funded by the health care system. However, when someone fractures a vertebra due to osteoporosis, he or she often is sent home with pain medication, which ironically might increase the risk of falls and fractures. Our study will test a model of exercise delivery that could be adapted into existing home care models or implemented in outpatient physical therapy clinics. We have intentionally included health service use, both out-of-pocket and paid for by government-funded health care, as an outcome to begin to capture information that could be used to inform policy decisions. Our pilot study also will provide resource utilization data among women with vertebral fracture. Any future definitive trial will evaluate the cost/ benefit of delivering a home exercise program for individuals with vertebral fracture. Future research also could examine willingness to pay for exercise services to determine what future models of care need to provide. It is our vision that individuals who have an osteoporotic vertebral fracture will be able to access an individually tailored home exercise program as part of their health care.
To ensure that the results of our study will inform physical therapist practice and have an impact on patient care, Osteoporosis Canada will evolve the Bone Fit program and the clinical practice guidelines for the diagnosis and management of osteoporosis 7 to include new research findings and will disseminate them to patient advocacy groups and professional groups. Bone Fit is a workshop created by a physical therapist and expert advisory group that is "designed for healthcare professionals and exercise practitioners to provide training on the most appropriate, safe and effective methods to prescribe and progress exercise for people with osteoporosis." 47 We plan to build on the results of this trial, our Cochrane review, 32 and our new exercise recommendations 8,87 by developing and evaluating knowledge translation strategies to integrate evidencebased exercise prescription into clinical practice for adults with osteoporosis.
Our study is not without limitations. We chose not to measure bone strength outcomes, such as BMD, because the cost was prohibitive, and we wanted to minimize participant burden. We modeled the design of our trial after what we envisioned the larger definitive trial to be, and it would be unrealistic to measure BMD in all participants in the larger trial. However, it would be valuable to determine whether exercise has an impact on BMD of the spine or hip in individuals with established osteoporosis, as many of the trials to date have excluded individuals on osteoporosis medication or with osteoporosis or prevalent fractures. We are only testing feasibility in 2 English-speaking countries; a larger trial may need to engage multiple countries, including those where English is not the official language. The proposed definitive trial is very ambitious and will require extensive collaboration, a strong communication nework, and funds to achieve our goal. However, the pilot trial will provide rich data on the effect of exercise in women with osteoporotic spine fractures, an area where there is little research to guide practice.
In summary, our goal is to move toward a trial of exercise with fracture as a primary endpoint, conducted in individuals at risk for fracture. The current trial will provide important feasibility information that can be used to design a definitive future trial and, in the meantime, provide insight on the effect of exercise on physical functioning, quality of life, and other outcomes important for patient and provider decision making.
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